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S U M M A R Y

Background: The effectiveness of heterologous prime-boost Coronavirus disease 2019 (Covid-19) vaccination
is currently unknown.
Methods: From individuals vaccinated with two doses against Covid-19 in Sweden until July 5, 2021
(N=3,445,061), we formed a study cohort including 94,569 individuals that had received heterologous ChA-
dOx1 nCoV-19 / BNT162b2 prime-boost vaccination, 16,402 individuals that received heterologous ChAdOx1
nCoV-19 / mRNA-1273 prime-boost vaccination, and 430,100 individuals that received homologous ChA-
dOx1 nCoV-19 / ChAdOx1 nCoV-19 prime-boost vaccination. In addition, 180,716 individuals were selected
who were unvaccinated at the date of vaccination in the corresponding case. Unvaccinated individuals were
censored at first dose of any vaccine. Baseline was the date of the second dose of any vaccine, with the same
date in the corresponding unvaccinated individual. The outcome included incident symptomatic Covid-19
infection occurring >14 days after baseline.
Findings: During a mean follow-up time of 76 (range 1-183) days, symptomatic Covid-19 infection was con-
firmed in 187 individuals with heterologous vaccine schedules (incidence rate: 2.0/100,000 person-days)
and in 306 individuals from the unvaccinated control group (incidence rate: 7.1/100,000 person-days). The
adjusted vaccine effectiveness was 67% (95% CI, 59-73, P<0.001) for heterologous ChAdOx1 nCoV-19 /
BNT162b2 prime-boost vaccination, and 79% (95% CI, 62-88, P<0.001) for heterologous ChAdOx1 nCoV-19 /
mRNA-1273 prime-boost vaccination. When combined and analysed together, the two heterologous vaccine
schedules had an effectiveness of 68% (95% CI, 61-74, P<0.001) which was significantly greater
(Pinteraction<0.001) than the 50% effectiveness for homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19 (95%
CI, 41-58, P<0.001).
Interpretation: The findings of this study suggest that the use of heterologous ChAdOx1 nCoV-19 and mRNA
prime-boost vaccination is an effective alternative to increase population immunity against Covid-19, includ-
ing against the Delta variant which dominated the confirmed cases during the study period. These findings
could have important implications for vaccination strategies and logistics, and consequently in the battle
against the Covid-19 pandemic.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Since the World Health Organization (WHO) issued its first emer-
gency use validation for a vaccine against Coronavirus disease 2019
(Covid-19) [1], the efficacy of many different vaccines has been
determined in clinical trials [2,3,4,5,6], with recent nationwide stud-
ies showing a high effectiveness of the ChAdOx1 nCoV-19 (Oxford/
AstraZeneca), BNT162b2 (Pfizer-BioNTech), and mRNA-1273 (Mod-
erna) vaccines in real-world settings [7,8,9,10,11,12].

However, after the European Medicines Agency linked the ChA-
dOx1 nCoV-19 vaccine with rare, yet severe and sometimes fatal,
adverse thromboembolic events mainly in younger people [13],
which was recently confirmed in a nationwide study from Denmark
and Norway [14], many countries in Europe halted their distribution
of this vaccine to either parts or all of their population [15,16,17].
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Research in context

Evidence before this study

After the rare thromboembolic events coupled to the first dose
of vector-based vaccines towards Covid-19, heterologous vac-
cine schedules have been proposed as an option. Pre-clinical
and clinical studies have suggested that heterologous vaccine
schedules using ChAdOx1 nCoV-19 as the first dose, and either
the BNT162b2 or mRNA-1273 as the second dose, elicit a stron-
ger immune response compared with a homologous ChAdOx1
nCoV-19 / ChAdOx1 nCoV-19 vaccine schedule. However, data
on the potential effectiveness of heterologous vaccine sched-
ules against symptomatic Covid-19 infection is lacking.

Added value of this study

In this study, heterologous Covid-19 vaccination using ChA-
dOx1 nCoV-19 as a first dose followed by either the BNT162b2
or mRNA-1273 as the second dose, was associated with 67% to
79% effectiveness against symptomatic Covid-19-infection. The
effectiveness of the two heterologous schedules combined was
significantly higher compared with the 50% effectiveness from
homologous vaccination using ChAdOx1 nCoV-19 / ChAdOx1
nCoV-19.

Implications of all the available evidence

The use of heterologous vaccine schedules appears to be an
effective alternative for increasing population immunity against
Covid-19, including against the Delta variant which dominated
the confirmed cases during the study period. These results
could have important implications for vaccination strategies
and consequently in the battle against the pandemic.
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Consequently, several of these countries are now recommending that
first-dose recipients of the vector-based ChAdOx1 nCoV-19 vaccine
henceforth should be offered an mRNA vaccine such as the
BNT162b2 or mRNA-1273 for their second dose [17,18], known as a
heterologous prime-boost vaccine schedule.

Recent studies suggest that individuals given ChAdOx1 nCoV-
19 as the first dose followed by either the BNT162b2 or mRNA-
1273 as the second dose, experience a robust cellular and
immune response [19,20,21,22], which appears to be of at least
similar or even greater magnitude compared with individuals
given a homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19
schedule [20,22,23,24]. Yet, there is to our knowledge no data
regarding effectiveness of heterologous ChAdOx1 nCoV-19 /
mRNA prime-boost vaccination against symptomatic Covid-19
infection. Furthermore, according to some evidence, there also
seems to be a potentially short-lived increase in systemic reacto-
genicity from heterologous ChAdOx1 nCoV-19 / mRNA schedules
[20,23,25], although this was not seen in a recent study where
the interval between the first and second dose was longer [22].
Regardless, there is to our knowledge no data regarding the
safety of heterologous vaccine schedules in terms of any potential
risks of thromboembolic events. Thus, such nationwide studies
conducted in real-world settings are urgently needed [26,27].
Therefore, in the present nationwide cohort study, we investigate
the effectiveness of heterologous ChAdOx1 nCoV-19 and mRNA
prime-boost vaccination against symptomatic Covid-19 infection
in Sweden. We also report cases of Covid-19 hospitalisation and
risk of thromboembolic events.
Please cite this article as: P. Nordstr€om et al., Effectiveness of heterolog
symptomatic Covid-19 infection in Sweden: A nationwide cohort study,
j.lanepe.2021.100249
2. Methods

2.1. Study design and cohort

This study was approved by the Swedish Ethical Review Authority
(number 495/2021), who waived the requirement of obtaining
informed consent given the retrospective nature of the study. The
main cohort considered for inclusion included all individuals that
received heterologous ChAdOx1 nCoV-19 / BNT162b2 prime-boost
vaccination (N=94,569), all individuals that received heterologous
ChAdOx1 nCoV-19 / mRNA-1273 prime-boost vaccination
(N=16,402), and all individuals that received homologous ChAdOx1
nCoV-19 / ChAdOx1 nCoV-19 prime-boost vaccination (N=430,100)
in Sweden until July 5, 2021. Each vaccinated individual was matched
with one individual on birth year, sex and municipality. These indi-
viduals were randomly sampled from the total population of Sweden
by Statistics Sweden, which is a government agency for national sta-
tistics. This matching was done at the date of the first dose of vaccine
in the corresponding vaccinated individuals. Baseline for both indi-
viduals in the matched pairs was the date of the second dose of vac-
cine in the vaccinated individual, and several vaccinated individuals
were allowed to be matched to the same unvaccinated individual. As
reference, we also present estimates of vaccine effectiveness for indi-
viduals that received homologous BNT162b2 / BNT162b2 prime-
boost vaccination (N=2,065,831) and homologous mRNA-1273 /
mRNA-1273 prime-boost vaccination (N=248,234). Data on individu-
als vaccinated against Covid-19 were collected from the Swedish Vac-
cination Register, managed by the Public Health Agency of Sweden
[28,29]. All health care providers in Sweden are obliged to report to
this register according to Swedish law, with a 100% coverage of the
total population.

In the analyses, from a total of 2,583,626 unique matched unvacci-
nated individuals, 1,696,415 were excluded because they received
the first dose before their assigned baseline date, and an additional
4,231 individuals were excluded because they died before their
assigned baseline.

2.2. Exposure and outcome

In the analyses, the evaluated exposure was the different combina-
tions of vaccines. The outcomes included two severities of Covid-19
infection, occurring >14 days after baseline. The first outcome was
any confirmed symptomatic Covid-19 infection until August 23, 2021,
and the second outcome was hospitalisation for Covid-19 until July
30, 2021. Symptomatic Covid-19 infection was confirmed in 94.4% of
the cases using polymerase chain reaction, and in 4.8% by sequencing,
according to the SmiNet registry [29], managed by the Public Health
Agency of Sweden. All health care providers are obliged to report to
this register according to Swedish law, as Covid-19 is considered a
public health hazard. The outcome of symptomatic Covid-19 infection
was defined on the basis that in Sweden, health authorities has stated
that citizens should be tested if they experience any symptoms of
Covid-19. Thus, asymptomatic disease is likely to represent a minority
of cases collected in the SmiNet register. Covid-19 hospitalisations
were traced in the Swedish National Inpatient Register using the
International Classification of Disease (ICD, version 10) code U071.
Finally, using the National Inpatient Register and the National Outpa-
tient Register for specialist care we traced adverse events in terms of
incident cases of thrombocytopenia, thrombosis and embolus until
August 8, 2021, using ICD-10 codes (Supplemental Table 1).

2.3. Covariates

From Statistics Sweden we obtained information on whether the
individuals were born in Sweden or not, birth year, birth month, and
ous ChAdOx1 nCoV-19 and mRNA prime-boost vaccination against
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sex for all individuals [30]. From Statistics Sweden, we also obtained
information about highest education during year 2019. Data regard-
ing diagnoses, prescription medications, and living conditions was
obtained from national registries managed by the Swedish National
Board of Health and Welfare (www.socialstyrelsen.se). From the
Swedish National Patient Register and National Outpatient Register
for specialist care, diagnoses from 1998 and 2001 and later, respec-
tively, were obtained, based on ICD-10 codes. Prescription medica-
tions from 2018 and later were obtained from the Prescribed Drug
Register using Anatomic Therapeutic Chemical classification system
codes. These three registers are complete for all specialist care and
medications prescribed in Sweden for the years selected. Diagnoses
and medications (Supplemental Table 1) were selected based on
results from a previous nationwide study in a similar population
where risk factors for different severities of Covid-19 were investi-
gated [31].
2.4. Statistical analysis

Time-to-event for the outcome of incident symptomatic Covid-19
infection based on vaccination schedule (homologous/heterologous)
was illustrated using cumulative incidence curves with 95% confi-
dence intervals (CI), estimated using the Kaplan-Meier method. To
compare the risk of symptomatic Covid-19 infection based on the
exposure of vaccination (vaccinated/unvaccinated), Cox regression
was used to calculate hazard ratios (HR), with robust standard errors
to acknowledge the matching calculated using the VCE procedure
and ROBUST option in Stata. The adjusted HR was used to calculate
adjusted vaccine effectiveness for each vaccination schedule using
the following formula: Adjusted vaccine effectiveness = (1-adjusted
HR) x 100%. In the analysis, follow-up time in cases was counted until
date of confirmed Covid-19 infection, death, or end of possible fol-
low-up time, as specified above, whichever came first. In unvacci-
nated matched individuals, time was counted until first dose of
vaccination, death, or end of possible follow-up time, whichever
came first, with the same baseline date as in the corresponding vacci-
nated individual. The proportional hazard assumption was checked
Table 1
Baseline characteristics of the cohort according to vaccine schedule

ChAdOx1 nCoV-19 / BNT162b2 ChAdO

Vaccinated
individuals

Unvaccinated
individuals

Vaccin
individ

N=94,569 N=60,190 N=16,4
Baseline date, mean 28/5/2021 27/5/2021 28/5/2
Age, mean, SD 44.4§13.5 36.1§18.5 43.8§1
Female sex, N (%) 72,547 (76.7%) 44,758 (74.4%) 12,589
Homemaker service, N (%) 326 (0.3%) 92 (0.2%) 21 (0.1
Born in Sweden, N (%) 75,825 (80.2%) 43,822 (72.8%) 13,518
Highest education, N (%)

Elementary school < 9yrs 1,474 (1.6%) 2,113 (3.5%) 158 (1
Elementary school 9yrs 6,778 (7.2%) 6,256 (10.4%) 827 (5
Secondary school, 2 yrs 17,710 (18.7%) 8,021 (13.3%) 2,369 (
Secondary school, >2 yrs 23,083 (24.4%) 17,148 (28.5%) 3,191 (
University education 42,898 (45.4%) 24,645 (40.9%) 9,474 (
Unknown 2,626 (2.8%) 2,007 (3.3%) 383 (2

Diagnoses at baseline, N (%)
Myocardial infarction 553 (0.6%) 122 (0.2%) 69 (0.4
Stroke 540 (0.6%) 155 (0.3%) 77 (0.5
Diabetes 4,701 (5.0%) 1,464 (2.4%) 680 (4
Hypertension 14,569 (15.4%) 3,716 (6.2%) 2,419 (
Kidney failure 576 (0.6%) 161 (0.3%) 83 (0.5
Chronic obstructive pulmo-
nary disease

454 (0.5%) 125 (0.2%) 61 (0.4

Asthma 5,165 (5.5%) 2,868 (4.8%) 942 (5
Covid-19 14,365 (15.2%) 8,652 (14.4%) 2,653 (
Cancer 2,171 (2.3%) 704 (1.1%) 326 (2

Please cite this article as: P. Nordstr€om et al., Effectiveness of heterolog
symptomatic Covid-19 infection in Sweden: A nationwide cohort study,
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using log minus log plots and not violated. The first model was
adjusted for age. The second model included the additional covariates
sex, baseline time (number of days between each individual’s base-
line date and the earliest baseline date in the cohort), homemaker
service (yes/no), education (six categories), whether the family mem-
bers were born in Sweden or not, and nine diagnoses at baseline
(yes/no). Fully adjusted models are presented if not specified other-
wise. To determine whether the associations differed according to
subgroups, an interaction term was created and added to the fully
adjusted regression model. All analyses were performed in SPSS
v27.0 for Mac (IBM Corp, Armonk, NY, USA), and Stata v16.1 for Mac
(Statcorp, College Station, Texas, USA). A two-sided P-value <0.05 or
HR with 95% CIs not crossing one were considered significant.
2.5. Role of the funding source

The present study was not funded.
3. Results

3.1. Study cohort

In the main analysis, a total of 541,071 vaccinated individuals and
180,716 unvaccinated matched individuals with a maximum possible
follow-up time until August 23, 2021, were included (Table 1). A total
of 94,569 individuals received heterologous ChAdOx1 nCoV-19 /
BNT162b2 vaccination, 16,402 individuals received heterologous
ChAdOx1 nCoV-19 / mRNA-1273 vaccination, while 430,100 individ-
uals received homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19
vaccination. Vaccinated individuals were in general older and had
more comorbidities compared with corresponding unvaccinated
individuals in the control group, across all vaccine schedules (Table 1).
Vaccinated individuals were also more commonly born in Sweden
and had a higher level of education. Moreover, individuals receiving
heterologous ChAdOx1 nCoV-19 / mRNA vaccination were younger
with fewer comorbidities compared with individuals that received
homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19 vaccination.
x1 nCoV-19 / mRNA-1273 ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19

ated
uals

Unvaccinated
individuals

Vaccinated
individuals

Unvaccinated
individuals

02 N=10,984 N=430,100 N=109,542
021 27/5/2021 10/6/2021 3/6/2021
3.0 39.2§11.2 67.2§12.8 56.4§18.4
(76.8%) 8,206 (74.7%) 235,708 (54.8%) 67,823 (61.9%)
%) 27 (0.2%) 2,911 (0.7%) 2,967 (2.7%)
(82.4%) 7,819 (71.2%) 380,147 (88.4%) 76,756 (70.1%)

.0%) 372 (3.4%) 39,897 (9.3%) 11,243 (10.3%)

.0%) 996 (9.1%) 40,671 (9.5%) 12,297 (11.2%)
14.4%) 1,401 (12.8%) 121,208 (28.2%) 24,758 (22.6%)
19.5%) 2,987 (27.2%) 66,560 (15.5%) 21,354 (19.5%)
57.8%) 4,843 (44.1%) 158,780 (36.9%) 35,589 (32.5%)
.3%) 385 (3.5%) 2,984 (0.7%) 4,301 (3.9%)

%) 22 (0.2%) 18,678 (4.3%) 3,075 (2.8%)
%) 19 (0.2%) 12,847 (3.0%) 2,746 (2.5%)
.1%) 242 (2.2%) 57,141 (13.3%) 10,105 (9.2%)
14.7%) 650 (5.9%) 215,234 (50.0%) 30,557 (27.9%)
%) 30 (0.3%) 7,043 (1.6%) 1,577 (1.4%)
%) 27 (0.2%) 11,277 (2.6%) 2,552 (2.3%)

.7%) 492 (4.5%) 17,764 (4.1%) 4,670 (4.3%)
16.2%) 1,587 (14.4%) 22,300 (5.2%) 11,954 (10.9%)
.0%) 113 (1.0%) 40,494 (9.4%) 5,456 (5.0%)

ous ChAdOx1 nCoV-19 and mRNA prime-boost vaccination against
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3.2. Vaccine effectiveness against symptomatic Covid-19-infection

Cumulative incidence of symptomatic Covid-19 infection for the
heterologous ChAdOx1 nCoV-19 / mRNA vaccine schedules and for the
homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19 schedule is shown
in (Figure 1�3). During a mean follow-up time of 76 (range 1-183)
days, symptomatic Covid-19 infection was confirmed in 187 individuals
with heterologous vaccine schedules (incidence rate [IR], 2.0/100,000
person-days) and in 306 individuals from the unvaccinated control
group (IR, 7.1/100,000 person-days) (Figure 1, 2 and 3). When the
heterologous vaccine schedules were analysed separately, the adjusted
vaccine effectiveness was 67% (95% CI, 59-73, P<0.001) for heterolo-
gous ChAdOx1 nCoV-19 / BNT162b2 vaccination, and 79% (95% CI,
62-88, P<0.001) for heterologous ChAdOx1 nCoV-19 / mRNA-1273
vaccination (Table 2). When these two heterologous schedules were
combined and analysed together, they had an effectiveness of 68% (95%
CI, 61-74, P<0.001) which was significantly greater (Pinteraction<0.001)
than the 50% (95% CI, 41-58, P<0.001) effectiveness for homologous
ChAdOx nCoV-19 / ChAdOx1 nCoV-19 vaccination (Table 2). Next, it
was found that age was not associated with the estimated effectiveness
for the two heterologous vaccine schedules (Pinteraction=0.18 and Pinterac-
tion=0.11), but with the estimated effectiveness for the homologous
ChAdOx1 nCoV-19 vaccine schedule (Pinteraction<0.001), where higher
age was associated with lower estimated effectiveness. Further, in an
analysis including only vaccinated individuals, higher number of days
between first and second dose was not associated with lower risk of
Covid-19 infection during follow-up in individuals that received heter-
ologous ChAdOx1 nCoV-19 / BNT162b2 vaccination (HR, 1.00, 95% CI,
0.99-1.01, P=0.93, heterologous ChAdOx1 nCoV-19 / mRNA-1273 vacci-
nation (HR, 1.03, 95% CI, 0.99-1.07, P=0.18), or homologous ChAdOx1
nCoV-19 / ChAdOx1 nCoV-19 vaccination (HR, 1.00, 95% CI, 0.99-1.01,
P=0.48), after adjustment for all covariates.

Finally, as reference, we also estimated the adjusted vaccine effective-
ness for individuals that received homologous BNT162b2 / BNT162b2
vaccination (78%, 95% CI, 78-79, P<0.001) or homologous mRNA-1273 /
mRNA-1273 vaccination (87%, 95% CI, 84-88, P<0.001) (Table 2).

3.3. Sensitivity analysis

In a sensitivity analysis, the risk of symptomatic Covid-19 infec-
tion was compared directly for individuals given the homologous
Fig. 1. Cumulative incidence and 95% confidence intervals for symptomatic Covid-19 infect
corresponding controls.

Please cite this article as: P. Nordstr€om et al., Effectiveness of heterolog
symptomatic Covid-19 infection in Sweden: A nationwide cohort study,
j.lanepe.2021.100249
ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19 schedule, to that of individu-
als given any of the heterologous ChAdOx1 nCoV-19 / mRNA vaccine
schedules, thus, excluding the unvaccinated controls. After adjust-
ment for differences in age (Table 1), the heterologous ChAdOx1
nCoV-19 / mRNA vaccine schedules were associated with 37% lower
risk of symptomatic Covid-19 infection (HR, 0.63, 95% CI, 0.53-0.76,
P<0.001), which remained after adjustment for all covariates (HR,
0.64, 95% CI, 0.53-0.76, P<0.001).

3.4. Covid-19 hospitalisations

During a mean follow-up time of 67 (range 1-214) days, there
were a total of 19 cases of Covid-19 hospitalisation in the heterolo-
gous cohorts and in the homologous ChAdOx1 nCoV-19 cohort. Of
these, 16 were unvaccinated individuals, two were individuals given
the homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19 vaccine
schedule, and one was an individual given the heterologous ChAdOx1
nCoV-19 / BNT162b2 vaccine schedule.

3.5. Risk of thrombocytopenia, thrombosis, or embolus during follow-up

In total, 439 individuals had a first diagnosis of thrombocytopenia
after baseline (Supplemental Table 2). The IR was between 0 to 0.18/
100,000 person-days according to the different vaccine schedules,
with no significant differences according to vaccine schedule, or
among unvaccinated individuals after adjustment for age (P>0.05 for
all comparisons). A first diagnosis of venous thrombosis was diag-
nosed in 250 individuals after baseline, also with a similar IR of 0 to
0.10/100,000 person-days according to vaccine schedule or unvacci-
nated individuals (P>0.05 for comparison after adjustment for age).
Finally, 226 individuals were diagnosed with a first arterial embolus
during follow up, with a similar IR of 0 to 0.12/100,000 person-days
according to vaccine schedule or among unvaccinated individuals
(P>0.05 for all comparisons after adjustment for age).

4. Discussion

In this nationwide cohort study, we investigated the effectiveness
of heterologous ChAdOx1 nCoV-19 and mRNA prime-boost vaccina-
tion in Sweden. The results showed that heterologous ChAdOx1
nCoV-19 / BNT162b2 and heterologous ChAdOx1 nCoV-19 / mRNA-
ion in individuals given a heterologous ChAdOx1 nCoV-19 / BNT162b2 schedule and in

ous ChAdOx1 nCoV-19 and mRNA prime-boost vaccination against
The Lancet Regional Health - Europe (2021), https://doi.org/10.1016/
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Fig. 2. Cumulative incidence and 95% confidence intervals for symptomatic Covid-19 infection in individuals given a heterologous ChAdOx1 nCoV-19 / mRNA-1273 schedule, and in
corresponding controls.
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1273 had 67% and 79% effectiveness against symptomatic Covid-19
infection, respectively. Also, using ChAdOx1 nCoV-19 as the first dose
and an mRNA vaccine as the second dose was associated with a signif-
icantly higher effectiveness compared with the 50% effectiveness from
homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19 vaccination.

Prior to this study, there has been no large-scale, real-world evi-
dence supporting the use of heterologous prime-boost vaccination
against Covid-19. Consequently, the WHO and other experts has
stated an interest in studies investigating the effectiveness of heterol-
ogous vaccine schedules against clinical Covid-19 related outcomes in
nationwide settings [26,27]. We estimated that Covid-19 vaccination
using ChAdOx1 nCoV-19 as the first dose, followed by either the
BNT162b2 or mRNA-1273 as the second dose, was 67% and 79% effec-
tive, respectively, against symptomatic Covid-19 infection. The results
were similar before and after adjustments for covariates. These results
are of interest to put into perspective based on results from clinical
trials and observational effectiveness studies on homologous vaccine
schedules. In a clinical trial, Polack and colleagues showed that
Fig. 3. Cumulative incidence and 95% confidence intervals for symptomatic Covid-19 infecti

Please cite this article as: P. Nordstr€om et al., Effectiveness of heterolog
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homologous BNT162b2 prime-boost vaccination had a 95% efficacy
against laboratory confirmed Covid-19 [3]. The same vaccine schedule
has also been associated with an effectiveness of 90% to 95% in nation-
wide mass vaccination settings [7,9,32]. Similar protective effects
from homologous mRNA-1273 prime-boost vaccination was seen in a
clinical trial [4] as well as in nationwide observational studies [10,11].
The protection from homologous ChAdOx1 nCoV-19 / ChAdOx1
nCoV-19 prime-boost vaccination has generally been lower. Voyse
and colleagues [2], showed that two standard doses of ChAdOx1
nCoV-19 reduced the risk of Covid-19 infection with 62%. In general,
the effectiveness associated with the homologous vaccine schedules
were lower in our study compared to in previous studies, which could
be influenced by longer follow-up times and the concomitant later
dominance of the Delta variant of the virus. In addition, the infection
pressure was low during follow-up, which may have attenuated the
estimated effects seen both for homologous ChAdOx1 nCoV-19 / ChA-
dOx1 nCoV-19 vaccines schedule, as well as for the heterologous vac-
cine schedules. Regardless, the effectiveness of heterologous vaccine
on in individuals given a homologous ChAdOx1 nCoV-19 / ChAdOx1 nCoV-19 schedule.

ous ChAdOx1 nCoV-19 and mRNA prime-boost vaccination against
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schedules observed in the present study are similar to the mean of the
estimated effects associated with the different homologous vaccine
schedules in the present study. In addition, these findings have sup-
port from a recent observational study where the effects of a heterolo-
gous compared with a homologous vaccine schedule was evaluated in
88 health care workers after a first dose of ChAdOx1 nCoV-19 [20].
Compared with at baseline, levels of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) trimeric spike protein antibodies
and receptor binding domain antibodies increased more than
100 times in individuals given the mRNA-1273 as second dose com-
pared with 5 times in individuals choosing ChAdOx1 nCoV-19 for
their second dose. Similar effects were seen recent studies for heterol-
ogous ChAdOx1 nCoV-19 / BNT162b2 vaccination [19,33]. In battle
against the Covid-19 pandemic, the results of the present study
regarding effectiveness against symptomatic infection add to the ear-
lier small-scale evidence and support implementation of heterologous
vaccine schedules during mass vaccination campaigns. The clinical
implications relate to reducing the risk of supply shortages and facili-
tating logistics, which could play a major role for national, regional,
and global vaccination plans. Essentially, this could help speed up vac-
cinations, which in turn would aid in ensuring that a high level of pop-
ulation immunity in is achieved in the shortest time possible.

The primary reason for the halted use of the ChAdOx1 nCoV-19
vaccine in many countries is the rare, yet very severe adverse events
in the form of thrombocytopenia and thromboembolic events cou-
pled to this vaccine [13]. It is not previously known from either clini-
cal trials or observational studies whether using ChAdOx1 nCoV-19
as the first dose followed by another type of vaccine, such as an
mRNA vaccine, as the second dose, increases the risk of these adverse
events. In the present cohort, the incidence of these diagnoses during
follow-up was low, regardless of vaccine schedule and similar to that
in the matched, unvaccinated individuals.

The present study has important strengths including the large and
unique cohort studied, with more than 2.8 million individuals given
different type of vaccine schedules in a real-world setting, as well as
the nationwide coverage with respect to Covid-19 cases and vaccina-
tions, together increasing the generalisability of the results to other
populations. We also adjusted our analyses for a great number of cova-
riates based on a recent study in a similar population, where risk fac-
tors for Covid-19 was evaluated in a nationwide cohort [31]. Further,
because the majority of confirmed Covid-19 cases in the present study
were identified as the Delta (B.1.617.2) variant, according to data col-
lected at the Public Health Agency of Sweden [34], the present study
including its findings are timely and relevant given the ongoing domi-
nance of the Delta variant in many countries. The present study also
has limitations. First, the observational design precludes causal infer-
ences from being made. Moreover, the different vaccine schedules
were not at random during follow-up, but strongly associated with the
detection of thromboembolic events from use of the ChAdOx1 nCoV-
19 vaccine in younger individuals, resulting in a higher mean age of
individuals that received homologous ChAdOx1 nCoV-19 vaccine
schedules. Thus, the different vaccine schedules were not random in
time. A strength of the present study is therefore the use of unvacci-
nated individuals as controls, with the same baseline date as the corre-
sponding vaccinated individual. Another limitation is that although
the associations found in the present study has support from recent
studies as discussed above, and despite adjustment for many potential
confounders, the possibility of unmeasured and residual confounding
remains. Further, given the short follow-up time, we were unable to
investigate whether the effectiveness of heterologous vaccine sched-
ules decreased over time. Finally, Covid-19 infections severe enough to
result in hospitalisations were rare and the effectiveness could there-
fore not be estimated with desirable precision, which remains the pri-
mary aim of the vaccines. However, investigating the effectiveness
against symptomatic infection should not be overlooked, given the
strong association with more severe disease.
ous ChAdOx1 nCoV-19 and mRNA prime-boost vaccination against
The Lancet Regional Health - Europe (2021), https://doi.org/10.1016/

https://doi.org/10.1016/j.lanepe.2021.100249
https://doi.org/10.1016/j.lanepe.2021.100249


ARTICLE IN PRESS
JID: LANEPE [m5G;October 12, 2021;21:01]

P. Nordstr€om et al. / The Lancet Regional Health - Europe 00 (2021) 100249 7
To summarise, heterologous prime-boost vaccination using ChA-
dOx1 nCoV-19 as the first dose and either BNT162b2 or mRNA-1273
as the second dose was associated with 67% and 79% effectiveness
against symptomatic Covid-19 infection. Furthermore, there was a
very low incidence of thromboembolic adverse events during follow-
up associated with these heterologous schedules. The results of this
study support the use of heterologous vaccine schedules as an effec-
tive alternative to increase population immunity against Covid-19,
which could have important implications for vaccination strategies
and consequently in the battle against the pandemic.
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